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I I - ABSTRACT

Planning in all areas under study has been completed.

Equipment set-up has been completed except in those areas where refine-

f ment modifications are necessary.

Previous control production runs have been evaluated and the affected

i areas of study have been finalized where possible. Additional studies are

or have been initiated to standardize the remaining areas of interest.



II.- PURPOSE

The purpose of this measure is to:

I. Direct efforts toward improving production techniques to improve

the reliability of the 2N1430 Germanium transistor using as an objective a

maximum operating failure rate of 0.05% per 1000 hours at a 90% confidence

0
level of 25 C.

2. Improve the areas of resistivity control, etch pit control,

uniform penetration in diffusion, depth control in alloying, spreading and

wetting in alloying, collector attachment, surface passivation, final

preparation prior to sealing, gettering technique, and leak determination

in order to approach the above objective.

3. Provide information and data to demonstrate the results in the

areas of study.

4. Establish and maintain quality control measures to insure

accuracy and reliability of the established process techniques.



III. REIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued):

1.1.1 Resistivity Control - H. Sivik

Work on preparing germanium crystals with a tighter radial resis-
tivity gradient was completed in this quarter, as described below.
Also, a series of crystals grown to specified resistivity range
was submitted for a production run. Device results appear in
later sections of this report. A total of twenty-four (24) crystals
were prepared in this period. Largely due to excessive vibration
from an electric motor, four (4) crystals were excluded from Table I
having been rejected for strain and polycrystallinity. During the
third (3rd) quarterly period, significant improvements were demon-
strated in yield and the vertical resistivity gradient. Thus, the
contract commitments on resistivity were successfully accomplished
in the allotted time.

The effect of three (3) different size capillaries in the floating
crucible was investigated by growing eight (8) crystals. Data on
crystal numbers 1 thru 8 show no significant variation was obtained
in the radial and vertical resistivity gradients when using floating
crucibles having three (3) different size capillaries. This result
is interpreted to mean that the transfer of dopant from the inner
to the outer crucible is negligible under the operating conditions.

Several crystals were grown to observe the effect on angular seed
rotation and pull speed on the radial resistivity gradient. In
Table I, crystal numbers 9 thru 20 show that the radial resistivity
gradient is noticeably affected by the seed rotation rate. For
example, the five (5) crystals grown at 100 RPM exhibit a radial
gradient below 5 percent compared to crystals grown at 10, 20, or
50 RPM, which exhibit a radial gradient--generally--in excess of
5 percent. The effect of 2 versus 3 inches per hour pull rate was
not distinquishable under the operating conditions. These results
were as anticipated. The relationship between pull rate, angular
speed of rotation and effective segregation coefficient was given
by the iRaton-Pria-Slichter Formula*.

-c " ko/ o + (1-k o ) exp (-v/vd) Equation keffLodquto1

where: v - f8

8 w thickness of layer in the liquid adjaoent to
solid-liquid interface (extending .1 - .00001 m
depending on RPM)

f a growth rate

Yd - characteristic growth constant mostly dependent
on D (c'/ Co).

D - Diffusion constant in the liquid (Outdiffusion from
the inner crucible to the outer crucible through
the capillary).

C' - Impurity concentration in the inner crucible.

Co a Impurity concentration in the outer crucible.

In the case of k0 <1 (presently applied) Equation 1 m be simplified tot

keff ' k, exp f8/D Equation 2

* Raft Transistor Techwlogy - Vol I - Chap 5 - Van Nostrand Co., 1%8
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1II. RELIABILITY [MPROVEMLNT PtOCRAM NARRATIVE (Continued):

1.1.1 Resistivity Control - H. Sivik

Equation 2 is sensitive to higher pulling speeds (above 10 inches per
hour) but relatively insensitive to pulling speeds below 3 inches per

hour. At low rotational speed (%.-10 RPM)8 assumes 0.1 to .01 values.

At higher rotational speeds (>SO RPM) the C'>C. condition is easily

maintained since C' : Co/keff ' Co/k ° exp fjiD and 8 decreases as ro-
tation increases; where C' - concentration of dopant in the inner cru-

cible and Co a concentration of dopant in the outer crucible. Thusp

the increased agitation of the melt, resulting from the greater shear-
ing action at the liquid-solid interface, has decreased the radial re-

sistivity gradient considerably by enhancing redistribution of impurity

in the body of the melt.

Conc lus ions:

Improvement in the radial resistivity gradient was demonstrated by use

of higher rotational speeds.

Effects of crystal pull speed and different size of capillary in the

inner crucible were found to be negligible on the radial resistivity

under the furnace operating conditions.

Program for Next Quarter:

None, this portion of the program is essentially completed and will

be summarized in the final report.



III. RELIABILITY IMPROVEWNT PROCRAM NARRATIVE (Continued):

1 1.2 Etch Pit Control - H. Slvik

Several crystals with specified etch pit count and resistivity were

prepared and vubmitted for a production run as explained in Section

I.I.I. No difficulty was encountered in preparing these crystals

with the reqtnired 1,OO - 2,000 etch pits range, other than the

norm.al min- t mechanical troubleq.

Three (1) crystals (Numbers II, 12, IQ in Table I) made with the
I or 1-1/8 inch torus hole show 20, 200, and 20 etch pits per cm

2,

respectivelv. Such low dislocation densities are not desired for

the 2N1430 device as was indicated in Section I.I. of a previous
report due tj spreading and alloying problems. However, these

crystals demonstrate the etch pit control attainable by uIe of the

torus in fulfillment of the goal of<200 etch pits per cm in the

work statement of Supplemeit No. 2 of the technical-proposal.

Conc lusion:

The ability to prepare germanium crystals of desired dislocation

count was shown to be feasible and reproducible.

Program for Next Quarter:

None, this portion of. the program Is essentially completed and

will be summarized in the final report.



I

III. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)

1.1.3 Uniform Penetration in Diffusion - R. Colucci

Although the silicon-dioxide mask process appears to hold definite ad-
vantages in regard to cost and uniformity of electrical characteristics
there were problems, discussed in the third quarterly report, which
made it impossible to incorporate the process in the pilot production
run. Bendix plans to continue this work beyond the present contract
until a workable production process is arrived at or the process is
definitely determined to be not feasible.
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III. RELIABILITY IMPROVEMENT PROGRAM NARRATIVE (Continued)

1.1.4 Depth Control tn A__lon - F. -rden

In Quarterly Report #2 it was indicated that as an improvement to the
depth control in alloying, the thickness of the dice would be regula-
ted statistically with the help of a control chart.

In the folloving Report #3, an evaluation of the effectiveness of the
technique was discussed, and the conclusion was made that the results
had proved satisfactory.

Since then, the statistical technique has been used exvlusively,
and the yields attributable the thickness of the dice have stayed
at a markedly high proportion.



i III. RELIABILITY IMPROVOMENT PROGRAM NARRATIVE (Continued)

1 1.1.5 Spreading and Wetting i ALloXinA - R. Colucci

As the depth control in alloying is also affected, it will be

necessary in all cases to consider ipreading and wetting in alloying

in conjunction with "1.1.4 Alloy Depth Control in Alloying" since
depth penetration and surface spreading are closely dependent on

one another.

See 1.1.4 for finalized production techniques and processes.



III. RELIABILITY PR(OVEMENT PROGRAM NARRATIVE (Continued)

1.1.6 Collector Attachment - R. Colucci

It can be concluded at this time that the collector attachment has
been finalized to the use of the ultrasonic mounting technique as
outlined in the first quarterly report. This technique has been
used in the Production Reliability Run and will be presented on
the finalized flow chart.



III. RELIABILITY U4PRVE'4ENT PROGRAM NARRATIVE (Continued)

1.1.7 Surface Passivation and Final Preparation Prior to Sealin, - R. Colucci

The present production techniques have been finalized. Quality
Control's "Lot Control System" shows that gain degradation of the
present product is t 5% after 1000 hours storage at 110 0C and
t 8% after 10,000 hours, indicating adequate surface passivation
control.



III- RELIABILITY DIFROVEMENT PROGRAM NARRATIVE (Continued)

1.1.8 Getterint Technigues - R. Colucci

The production gettering technique has been finalized to the use of
an activated molecular sieve pellet. This technique has been used in
the Production Reliability Run and will be presented on the finalized
flow chart.



I

1.1.9 Leak Determination - E. Yurowuki

The mass spectrometer helium leak detection study was concluded as des-
cribed in Report No. 3. The results of the helium leak detection study
have been incorporated as part of normal production on the 2N1430 tran-
sistor and its related generic types. The test procedure as it is now
applied includes helium leak testing to & limit of 1.0 x 10"10 std cc
He/sec, preconditioned by backfilling at 100 psi for four (4) hours.
Gross leakers, i.e., leak rates of greater than 1.0 x 10" std cc He/sec.
are withdrawn during subsequent testing by the Detergent Bomb Hermetic
Seal Test performed at 100 psi for thirty (30) minutes.
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MIL-S-19500/

(PROPOSED)
MILITARY SPECIFICATION

TRANSISTOR, PN 1, GERMANIUM

TYPE 2N1430

1. SCOPE

1.1 Scope. This specification covers the detail requirements for a Germanium Diffused
Alloy PNP switching transistor with the following characteristics at Tj = 250 C.

1.2 Absolute Maximum Ratings.

SYMBOL PT (lAverage PT (2 ) TSTG Tj BVcB O  BVCEO IC I

UNIT W W °C oC V V A A

MAX. 70 800(peak) -65 to 110 -120 -100 -10 I1.5

30(avg) ,I10

NOTES:
I. For steady state conditions with forward bias

P T: IIC VCB i 0- 'IE VEB derate l.20 C/W for case temperatures 250 C.

2. Peak and average gower in switching applications derate 1.2 0C/W for case
temperatures > 74 C. See Figure 3 for safe operating power dissipation area.

1.3 Primary Electrical Characteristics.

SYMBOL h E V V t t t f
CE (S) VBE (S) r

1 I-!OA; I C-IOA;I B-lA -IcS-OA; " IA I C-5A V V
VC C-2V 'CCC

CE

UNIT -- V V Js Ps Ps

M I N . 2 0 . . . . .. . . . . .. . . .. . . .. . . .

MAX. 60 -0.4 -0.9 7.0 3.0 5.0

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on invitation to bids form a part
of this specification:

Specifications:

Military: MIL-S-19500 Transistors, General Specification for

Standards: MIL-STD-105 Sampling Procedures and Tables for Inpsection by Attributes

and Appendix, Sampling for Expensive Testing by Attributes

MIL*STD-202 Test Methods for Electronics and Electrical Component Parts

MIL-STD-750 Test Methods for Semiconductor Devices

3. UQUIRSKENTS

3.1 Requirements: Requirements shall be in accordance with Specification MIL-S-19500,



MIL-S-19500

and as specified herein.

3.2 Abbreviations and symbols. The abbreviations and symbols used herein are
defined in Specification MiL-3-19500 and as follows:

hFE Static Forward Current, Transfer Ratio
VCE(sat) Collector Saturation Voltage
SJ-0 Thermal Resistance, Junction to Case

ICEO Collector to Emitter Cutoff Current, Base Open
ICBO Collector Cutoff Current
IEBO zmitter Cutoff Current
ICER Collector to Emitter Cutoff Current, Resistance return from

base to emitter
ICES Collector Cutoff Current, Base Shorted

t Pulse Rise Timer
tf Pulse Fall Time

t Storage Time

3.3 Design and Construction. Transistors shall be of the design, construction and

physical dimensions specified on Figure 1.

3.4 Lead Arrangement. The lead arrangement shall be as indicated on Figure 1.

3.5 Operating Position. Transistors shall operate in any position.

3.6 Performance Characteristics. Performance characteristics shall be as specified
in Tables I, II.

3.7 Marking. In addition to the marking specified in Specification MIL-S-19500
transistors shall be marked with the appropriate type designations and U. S.

Army prefix after qualification has been obtained, and with the qualification
code and manufacturer's identification.

4.0 QUALITY ASSURANCE PROVISIONS

4.1 Sampling and Inspection. Sampling and inspection shall be in accordance with
specification MIL-S-19500 and as specified herein.

4.2 Qualification Inspection. Qualification inspection shall consist of the examinations
and tests specified in Tables I and II.

4.3 Inspection Conditions. inspectiocn shall consist of the examinations and tests

specified in Tables I and II.

4.4 Group A Inspection. Group A inspection shall consist of the examinations and tests

specified in Table I.

4.5 Group B Inspection. Group B inspection shall consist of the examinations and tests

specified in Table II.



MIL-S-19500/

4.6 Disposition of sample units. Sample units which have been subjected to and have
passed Group B inspection may be delivered on the contract or order, provided that,
after Group B inspection is terminated, these sample units are subjected to and pass
Group A inspection.

4.6.1 LIFE TESTS. Life tests shall be performed on sample units which have been sub-
jected to and have passed Group A inspection.

4.6.2 1000 Hours Life Tests.
(a) 1000 hours life tests shall be in effect initially and shall continue

in effect until the eligibility criteria for reduced hours life test
have been met.

(b) The measurements listed under end points in Table II shall be made
at 0 hours, 340 + 72 - 24 hours, 670 + 72 - 24 hours, and 1000 + 72
-24 hours. Additional readings may be taken at the discretion of the
manufacturer.

(c) Sample units shall meet the criteria specified in Table II.

If a life test sample fails either tne 340 or 670 hour acceptance criteria for
storage life or operation life, the lot shall be rejected. The tests may be terminated
at the discretion of the manufacturer. However, the results of either of these tests
shall not be used at a future date for acceptance of the same lot.

4.6.3 Reduced hours life tests. (670 or 340 hours) To qualify for reduced hours life
tests, the following criteria shall be met:

(a) The immediately preceding 5 lots have been accepted.

(b) The average per cent defective over the preceding five lots at full
test time has not exc -eded 0.2 of% .

(c) There has been no unusual discontinuity in production in the immediately
preceding 5 lots.

4.6.4 After establishing eligibility, production lots shall be released for shipment at
670 hours or 340 hours, provided the life test sample has not exhibited more than the
allowable number of failures.

4.6.5 The manufacturer shall establish eligibility for 670 hours first, thence he shall
meet the criteria of a, b and c of 4.6.' at 670-hour release to qualify for 340-hour
release. Lots which are accepted under early shipment may be shipped. However, the
life test shall continue through the full 1000 hours. The manufacturer shall lose eligibil
ity for 670-hour or 340-hour release whenever two of five consecutive lots have failed
the life test or the percentage defective over the preceding five lots exceeds 0.4 of X
at full time. Loss of eligibility for 670-hour release shall result in institution of
1000 hour release. Loss of eligibility for 340-hour release shall result in institution
of 670-hour release.

4.6.6 Resubmitted lots. Lots, from which defectives have been screened out or reworked
and which are resubmitted for acceptance inspection, shall. contain only devices which were
in the original lot. Resubmitted lots shall be kept separate from new lots and shall be
clearly identified as resubmitted lots. Resubmitted lots shall be inspected for all
characteristics, using tightened inspection, only for the characteristics failed. Lots
may be resu~itted a maximum of two times. At the discretion of the Government, testing
of characteristics which are not affected by the screening process may be omitted for
resubmitted lots.



MIL-S-19500/

4.7 Rise and fall time. Rise and fall time measurements shall be made using the
circuit of Figure,.

5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery shall be in accordance with Specification MIL-S-19500.

6. NOTES
6.1 Notes. In addition to the notes specified herein, the notes specified in Speci-
fication MIL-S-19500 are applicable to this specification.

NOTICE: When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor any
obligation whatsoever, and the fact that the Government may have formulated,
furnished or in any way supplied the said drawings, specifications, or other data is
not to be regarded by implication or otherwise as in any manner licensing the holder
or any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be related thereto.
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:V- APPENDIX I

ARCDT 'CTICN

A. _neral

A production run of 2000 units was made th ; aglout wi, - a-l of Lhe changes
ani impr( veseuitb It, rocesses and in 'ontr .. -ec.:mr,ened ab a .esal t of t'i,
prograr, were cai'cfully "!,cororated.

The 6i~tri', i several cri- ".rre, were obtained iJcric.: processing,
namely at ,-ur :.e<. Later on, after t." tr.nsitors o-re tge', " units, raii-
domly selected, *ere tested for ll -)f the par,:!.-t ,rs liste ,1 in the new specification,
and the rosp-:tve cistrihuticns were e tt N. Note t:at all of the ndicated minima
at-, maxima are n icc.rda.we itr, toe ti-htened seecificatiur 2 "l.14, as submitted
in cuarterly .:Kae-rt :a . ?in-ily, tne ex;tre run was tested ro a go no-go basis to
the improved 14h3C speci fication.

B. Processing Distributions

a) The following distributions are illustrated, at the Mount festing point:

Collector Leakage Current (ICO) \Fig. I i

2.- Base Current (IB) IFfig. I -

3.- Collector-to-iEmitter Voltage (BVE R ) Fir. I -

b) Discussion of the Distributions

1.- The collector leakage current at VCB=2Volts shows a very well
behaved pattern and a small standard deviation. This indicates a good control on
resistivity. The achieved average is better than the objective.

2.- The base current histogram shows a distribution slight skewed to the
right, but otherwise satisfactory. The target for the standard deviation was essen-
tially met, while the average is somewhat short of the goal. This is not of major

consequence since the IB tends to become larger during the aging process.

3.- The collector-to-emitter voltage appears to have a distribution
slightly skewed to the left. The average achieved is far in excess of the objective.
This is so because the original target was established on the basis of the old speci-

fication [ICEO at hO V with maximum IC = .IA] . Later on the tightened specification
was proposed in which BVCEO at .aA with minimum loV had to be met. This requires a
much higher BV( R.

C. Raw (Unscreened) After-Aging Distributions

a) The following distributions are presented

1.- Collector Cutoff Current (ICBG, VCB = 2V) LFig. I -

2.- Collector Cutoff Currezit (1IC)O, VCB = 120V) LFig. I - 5
3.- Collector Cutoff Current (ICRO, High Temperature) [Fig. I - 61

4.- Collector Cutoff Current (ICLS ) [Fig. I -
5.- Base Current (VCE = 2V, IC=lOA) tig. I - 83



1-3ase Current (VCkE=2V, IC= 5A) 'ig. I-
"._ Collector 3aturation Voltage (VCE (3)) Fig. I -

3.- .3aturation Voltage (VBE (8) ) LFig. I -
9.- Collector initter Breakdown (BVCEO, Full save) [Fig. I - 12]

10.- Collector -imitter Breakdown (BVC -OC, Inductive Sweep) rig. I -

11.- mitter to Base Breakdown (BV[BO)Fig. I - i
12.- Rise Time Fig. I - 1
Y1.- Fall Time g. I -16
I Storage Time Tig. I - I

15.- Thermal Resistance Lyig. I- 11

b) Discussicn of the Distributions

it is to be emphasized here that all the minimum and miximum limits

plotted are b~aed on the tightened newly proposed 2N1430 specification.

I.- Fig. I - 4 shows an extremely well behaved distribution well within

the maximum specified.

Fig. i - 5 shows a slightly skewed distribution, well within the

maximum.

Fig. I - ( illustrates a very well behaved distribution far under the
maximum limit.

LI._ Fig. I - 7 indicates a skewed distribution, however it is well removed

from the maximiums.

5.- Fig. I - is generally well behaved with a slight skewness. About

91% of the product is within the mimimum and maximum limits.

6.- Fig. I - 9 showr , distiibutioa similar to Fig. I - 8, except that here
96% of the product meets the specification.

7.- Fig. I - 10 appears to exhibit a double distribution. Even so, better

than 93% of the population is within specification.

3.- Fig. I - 11 is a very sharp distribution where 96% of the product meets
the specification.

9.- Fig. I - 12 is a well behaved distribution where 94% is within the old
specification ana 82% within the tightened specification.

10.- Fig. 1 - 13 is sharp distribution with about 75% of the product
meeting the specification.

11.- Fig. I - 14 is slightly sicewed to the right, however the distribution
is far removed from the minimum specified.

12.- 13.- 14.- Fig. I - 15, 16 and 17 are extremely well behaved and very
comfortably within specifications.

15.- Fig. I - 18 is well behaved, but not quite sharp enough. Eighty-nine

per cent meets specification.

In general, this production run has shown very satisfactory results.

CAUTION: If one were to calculate an overall yield on the basis of the above iadi-
cated percentages, one would obtain a very pessimistic yield, rather than a realistic one.



This is due to the fact t! t in m~ny cases one unit showing a characteristic outside

of apec-fication on one #)rceter often will be out of specification on other
parameters as well, !c that t is one unit reduces the yield on every parameter,
rather than just be counted only once as a defective unit.

D. Yield

The units were screened first to the old 2N143C specification. 3ubsequently they

were recombined and screened again, this time to the tightened 2N143C specification.

The results are shown below.

YIELD

Before Proposed, based on old Achieved on the basis of

inception 2N1430
of program old 2N1430 Tightened

Seecification 2NJ430topecificanation Speciition

Element 82% 95% 89% 89%
Test

Mount 90% 95% 93% 93%
Test

Finished 50% 75% 81% 70%
Product

Overall 38% 68% 67% 58%
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IV - kPPENDIX II

1.0 Reliability eternn-.ion

The remainder of the ?rod utl n v tl. :L,
consist primr rily of an evaluation ) C rU uM., §. - f1 xO:4.2" ,
transistors. This lot is manufactured under -tringe,,t Lot ' .0 . 'ou. ,un
and incorporates all :)"" the product r'iaruvenents 'e '.e su' '
2NJ40 Engineering Mea~ure.

The most irportant phaae of tre fin4al eva' mtni rin . n -'ertev
life test program designed to, provide i:furmhti,;n r-:'Ie .. t':-" , ve rai.urbt
rate of 0.05% per lnc(y, hours at 250. A,'tuL, testing 'L h- ciriutte "
period of 2500 hours. Sample sizes re lece'rminei. in -'-,Iriie with followito
expression:

The above equation and resultant table of unit - hc,,s required to demon-
strate Xdw 0.051/1000 hours is shown as eluation (0) and fable 2 of this Appendix.

Results of the accelerated i fe test progra. will be based on a minimum
of 60,000 unit hours at the maximum stress and (',,"0 unit hours Lt the minimum
stress.

The comprehensive reliability prorrai, plan, in ,iddition to describing the
behavior of the Bendix 2N1430 transistor at accelerated temperaturem conditions will
also include an accelerated operatin; po.-er -.ife test program to be run in parallel
with the accelerated temperature tests. The accelerateC power life tests will be
conducted at operating conditions which are calculated to reflect an acceleration
factor of 1.5 times the acceleration factor of high temperature testing. This
figure is based on engineering investigation which considers both the effect of
high current densities and any localized heating.

It should be noted that the elimbility _etermination will be based on
accelerated life tests that are conducted in terms of single levels of acceleration,
i.e., the total sample will be subdivided into five (5) subgroups and tested in ac-
cordance with acceleration factors calculited to reflect the objective failure rate
of 0.05% per 1000 hours at 250C. The intent here is to generate parameter information
which is unbiased by the effects of previous step stress fatigue.

2.0 Data Analysis

The measure of failure rates resulting from the Reliability Determination
program will be evaluated at various intervals while the program progresses. A
final determination and report summation will be prepared at the conclusion of all
tests. Implementation of the Reliability Determination will be in accordance with
the statistical techniques described in Paragraphs 5.0 through 6.0 of this Appendix.
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3.0 Program Plan

Appendix III describes the Reliability Determination portion of the 2N1430
Production Engineering Measure in flow chart form.

4.0 Program Schedule

Appendix IV describes the schedule plan applicable to the Reliability

Determination Plan.
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5.0 failure Rate Study:

To obtain an estimate of failure rates in a reasonable amount of time with
a reasonable number of unita, accelerated life tests shall be applied.

In general, a point-estimat of the failure rate, assuming an exponential

distribution, may be obtained as:

t

where: failure rate
t'-A natural logarithm of X

number of units on test
number of failures

te duration of test

A one-sided confidence limit for N is:

t
where all symbols have been previously defined except that:

F-1-, 'tZ-&)refers to the F distribution
with c< confidence

2 t.s degrees of freedom in the numerator
Z'.-Zho degrees of freedom in the denominator

The acceleration factors of the failure rate shall be estimated graphically

on semi-logarithmic paper using the general equation:

where: Nya failure rate at temperature T
T a temperature in degree Kelvin
C a a constant, depending on initial conditions
e a base of the natural logarithm, 8 2.72...

<Q• slope

Using equation (3) for a reference temperature R, we find:

from which we can obtain:

Replacing this value C in equation (3 we arrive at the general equation:

Ok e T -T -
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To obtain the slope, the following manipulation shall be effected:

~tL -,

where: ' natural logarithm of X

The intercept is obtained by:

where .-L was obtained in
equation (6)

D.0 Determination of Sample Sizes and Number of Failurei Necessary to Demonstrate

a Failure Rate:

A. TeMerature: In order to estimate the sample sizes and the number of

units failed necessary to demonstrate a failure rate, we shall use data

obtained in a previous accelerated test (See appendix I-C of 3rd Quarterly

Report) in which it was determined that O1 3-5050. The objective failure

rate being 0.05% per thousand hours at 250 C, equation (5) now become•:
"5 OT =- .oo , I

where: N T

Based on equation (7) it becomes possible to determine the accelerated
failure rates. This is shown graphically in Figurell-A, andin the table

below, calculations are shown for five specific te"ratures.

Table I - Calculation of accelerated failure rates
baaed on Knuatlon(7) A

T C 1/OK x 10 W -3.36 -5.05 5 x 10O4 x AT

75 348 2.88 -0.48 2.42 29.30 .00565 .565%

99 372 2.69 -0.67 338 29.50 .0145 1.45%

1127 400 2.50 -0.86 4.32 76.50 .0382 3.82%

0 433 2.31 -1.05 5.28 198.0 .099 9.9%

200 473 2.12 -1.24 6.25 510.0 .253 25.3%



1 4 IT .

'T KAW 5LS-tOR FAkL3k RP-Te

I F 'IiF,

F01 .

0 J. .. : ~ .* m

.. . . . ... . . . . . .

,04

04[~~~- J_.*-I ~I

W 2.03.
IM& -AM TCiERATO)RE, .J2..

* W



-&40jV*2i lIlA 399:3 *4nvj..sfts:) p&3t~~ uo powl slrun jo Aom Ivo maz

L I I 1 v
f ~ 1 s 901 0a V

3000Z 30091 3D1 0066 DS

*3*~UPjJU03 %06 q~jA flat4

o001/%S0>\- ol3Z33uomp o-i UseilIJvj alqwAofll jo zofuu put 32fl04

OOS *jol 13so aSiB UC 3d olluf jo joF'nU - E oiqwi

:PDUTV:3qo 0.9A 9:f31SZ* 1UIA01IOJ *43 POW 'SlUOP BOA 21ta *Uzno' jo zsqwu sqj
Aq SIUIplAlIP UB 24noq-luf s41 Oull~ol Aq polv~no1'o sq Am. 'um3 'lxvss***u

o~jun jo .zaqnu .qjU *s.not1 coS .xo; sie vqj unu o3 polaoroad *1 31

09 1 : I _

501 0......

C 6 V__

419 012. E I

4419 f 091 LOV 0

00Z 30091 DO 00 D66 0 s

*()olpvnbe noxj paiw1flwo' 'v*jnjr. Jo aaSwu

ol1w~o1l s"41 x1o sinfo' 00/S0> V a13luoUsep_ 03. Ziwaadmol
poloo1oo 3 (f01 x) *Anoq-llun LRwsse*st4 - Z vlqwl

:*AoIIo; so 94 *wlflw3~ ex *(Z) uo72vnbe eon VA V2U*P7;U00 %06 431A 0
vn 1w 9 03913uoup ol Aiweveoiru mrnoq..1Tuf jo losmnu s41 90azX3* O1

Il XIGt~ddV AI



:()uolloubg o,

Ave o sqwj~ ul uikos ellngsz sqj jvq3 Of o33Z .awnI;.; U7w,3z0 9 SA97439 03
o~uvaozlnb..x zend o.i (6) vopivnbi .oij *3w. .jazojoszji U1wt' *4 olvei

oini'zodso sqi put iaod oM3 so; (pallw; zso.u put oil* a*~ws am* vmjan
pow) so~v vSjflvj *e3 own o2% O~s&33j3 IT 17 mmwOOU4 13aliSed aeg

-9-n aanrjI* paijold 97 olqZ

4 ) _qb~ y

:#am*" swu amod aa; uolpwnbe po*;'~ji*3 mz

:9v pswwntw ITs 3d**.alu; V4,1

0_ T - ____

:vv (9) uol~wnba jo onololwuw mqI inOji pa3alma1w IT 9

(30 96 9 99) -9339A oz jo z.nod 9 It I*Z IT 839 *jjw v3

a3jnt)3v *A 'v-fl..ln2Tj ;o dlaq aq3 Ip;1A put suop:3dnses.m oa sueq .Ojj

* ,/3 0 Z. 1 T S6U1 *4 JOjvfw3ej3 sauv~3sSJa j1 WvJS sqji -
*JJO IT aod UsqA sinI3JshdUS am$ sqI 39 029A 6,MI;; sqI uwql 19tawi

smpj S- IT uo IT zsAod usqAj% I siiwoduel 29 *~vai oxnlwj oqj. *1

DOS I P1'4 $1 Olnlgv~ad~al DaWv) 04:1 3941 uQS .apim .x, suopdansev ftmojo &UA

(E) uopjwnb3 kq USATI ou~j o4i jo
1ddia~iul put adols sq peom u Il SM ,vjft, sq3 10 Iwq3 o3 snololvam,

iuw. w uT pouy*3qo 3; oj3A *1fliwj 4006od P911A*;.3 Mat :30001 't

11. XIGNJI4&J., AI



IV - APPenDIX II

To determine the number of unit-hours necessary to demonstrate a failure
rate with 90% confidence we use equation (2). We calculate "r. as follows:

g

e -\ , -L.FI t

, J --- '- F + N- Q )

the following table results:

Table 2 - Necessary unit-hours (x 10 3) at selected
temperatures to demonstrate ?\<.05%/1000 hours for the allowable
numer of failures. Calculated from equatio (%).

Temperature
75°C 99C 127°'C 160°C 200°C

0 407 160 61 * *

1 680 271 104 44 *
2 944 371.' 143 61 *
1 1183 4.8..68 181 77 *
4 * * * 93 *
5* * * 105 45
6* * * * 53

• * * * 60

* Not calculated

It is projected to run the tests for 2500 hours. The number of units
necessary, then, may be calculated by taking the unit-hours and dividing by
the number of hours. This was done, and the following results were obtained:

Table 3 - Number of units put on life test for 2500
hours and number of allowable failures to demonstrate N <.05 /000
hours with 90% confidence.

75 C 990C 12 7-C 160 C 200 C

270 108 57 42 24
1 1 2 5 7

The total number of units placed on accelerated temperature test will therefore
be 501.
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B. Power: The accelerated power failure rate is obtained in a smanner
analogous to that of the temperature. We now need the slope and intercept
of the line given by Equation (3).

The following assumptions are made: given that the case temperature is held at 85 0 C

1. The failure rate at temperature T when power is on is 1.5 times
larger than the failure rate at the ase temperature when power is off.

2. The thermal resistance of the transistor is 1.2 0 C/W.

From these two assumptions and with the help of FigureII-A, we calculate
that the failure rate is 100% at a power of 136 watts; (case at 850 C)
that the failure rate is 2.1. at a power of 20 watts. (case at 850 C)

then: )A\P cae.

Bis Calealatod from the analogous of Equation (6) as:
-A P ~tAp - Z1.O .i. _____

z." 2.0 .

The intercept is calculated as:

"0.31

C I.oe '3'1" =- 1q5

The accelerated equation for power now becomes:

This is plotted as Figure U-S.

Nor practical reasons it is attractive to use the same failure rates (and
thus the saw sample size and number failed) for the power and the temperature
tests. We shall thereforecalculate from Equation (9) the power requirements
to achieve a certain failure rate so that the results shown in Table 3 may
be used.

From Iquation (9):

tAqS

-, A0.5/
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IV - APPENDIX II

With the failure rates obtained In column 07 of Table I and the help of
Equation .(10) we present Table 4:

Table 4 - Power requirements to met a given accelerated rate

(1) (2) (3) (4)

000565 .00290 -5.85 15.4
.0145 .00745 -4.90 18.4
.0382 .0196 -3.93 23.0
.099 .0507 -2.98 30.4
.253 .130 -2.04 44.4

Table 3 is now reproduced for the sake of completeness as Table 5.

Table 5 - Number of units put on life teat for 2500 hours
and number of allowable failures to demonstrate / <.05./1000
hours with 90% confidence.

15.4 watts 18.4 watts 23.0 watts 30.4 watts[ 44.4 watts

270 108 7 42 24
;,. l2 5 7

The number of units placed on accelerated test vill, therefore, be:

501 on temperature and 501 on power for a total of 1002 units.

i
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